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Open Science

Building trust in the scientific process through
transparency, accessibility, inclusivity, and reproducibility

Open (Transparent)

Science Open (Accessible) Science

Both the scientific process Ev 4

Data, tools, software,
documentation, publications
should be accessible to all
(FAIR).

and results should be visible,
accessible and
understandable.

_ _ Open (Reproducible) Science
Open (Inclusive) Science

The process and participants
should welcome participation
by and collaboration with g
diverse people and
organizations.

results should be open such
that they are reproducible by
members of the community.
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N The scientific process and
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Open Science at BPS

» BPS recognizes the importance of collecting tissues and archiving data,
metadata, computational tools, and samples from both spaceflight and ground
studies to enable Open Science and future experiments.

* Strive to help scientists discover and access datasets to perform primary,
secondary, and meta-analyses.

* Open Science Projects strive to implement the "FAIR" principles to ensure all
data are: Findable Accessible Interoperable Reusable.

* Increasing opportunities for collaboration while promoting scientific innovation,
transparency, and reproducibility.

« With the suite of open BPS repositories, scientists can use existing datasets to
make new discoveries, propose future investigations, or influence research
trends.



Open Science Projects

Physical Sciences

Informatics System

Hosts uG Physical Science
Investigations

NASA Biological Ames Life Sciences
Institutional Scientific Data Archive
Collection (NBISC) (ALSDA)

GenelLab (GL)

Collects and curates
physiological, mission, and
imaging data

Collects and curates omics data
from space-relevant samples
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Collection of { "_{ é}b&\i\
biospecimens from :) / ‘1\53( ‘f\r é.,
non-human subjects r— \:\\\"“-z \Y
exposed to spaceflight == »: g (— ‘
and associated ground = I\
studies i V




PSI

Welcome to ISS Physical Sciences Informatics System (PS1)

b m

Click text below to view specific research area

spacecraft fire safety, droplets,
gaseous ~premixed & non
promixed, high pressure /
supercritical, & solid fuels

colloids, liquid crystals, foams,
polymer solutions, granutar
" flows, & dusty plasma

biological mac
blomaterials/bicfiims,
biological physics, & biofluids

glasses and ceramics, granular
materials, metals, polymers &
organics, & semiconductors

condensation, capillary flow,
interfacial phenomens, & cryogenic
propellant storage & transfer

measurement quantum matter, &
manybody systems

I

Research Opportunities in Space and Earth Sciences (ROSES) Announcement ROSES-21 E.8 PSI Program Element

NASA has released the annual research cpponunty tthed “Use of the NASA Physcal Scences informatcs System” This.
opponunty ¥ Proposals from 373 graduate STU0ents 10 GRTae New
sciantific msights by wikzing experimental data residing in NASA's Physical Sciences Informatics (PS1) system. £S1 15 an oniine
datadase of compiated pry gravey the ioternavona Space Stton (1SS).
Space Shurse fights. and Free-fyers. or from related ground-dased studs. The sokcisson pered typreall runs from mid
September 10 mid December. Al eigiie expermantal data wil be avatadie a the FS! system. The typcal awards wil be wp 10
$100,000 per year for up to tao years

New a3 has bees added this year in each of the 8 physical sciences research areas. New isvessgations nciuded are: Solution
Coevection and the in Protein C Biophysics: Advanced Combustion via Microgravity
Experments: Structure and Response of Sphercal Dfusce Flames in Combustion Scence. Advanced Colods Expenment -
Temparatura 7 in Complex Fikids: intraVenous Fluid GENeration for Exploration Massions in Fiud Physics: Cold Atom Lab-
Interactons fos Gases m 2 Microgravity Enveonmant in Fundamental

https://www.nasa.gov/psi

(PSI)

Combustion
Science
e Spacecraft fire safety
e Droplets
* Gaseous—premixed
and non-premixed
+ High pressure/Supercritical
e Solid fuels

Biophysics

* Biological
macromolecules

* Biomaterials/
Biofilms

« Biological physics

¢ Biofluids

Materials
Science
* (Glasses & ceramics
® Granular materials
* Metals
* Polymers &
organics
* Semiconductors

87 Investigations in 6 Research Areas

Physical Sciences Informatics System

Fluid
Physics
* Adiabatic two-phase flow
* Boiling & condensation
* Capillary flow
* |nterfacial phenomena
* Cryogenic propellant
storage & transfer

Soft Matter/

Gomplex Fluids
¢ Colloids
e Liquid crystals
* Foams
* Polymer solutions
o Granular flows
* Dusty plasma

Fundamental
Physics

* Quantum coherence &
entanglement

* Quantum interferonetry &
precision measurements

* Quantum matter

* Many-body systems

>22 TB data

1,557 users, primarily in academia



NASA Biological Institutional Scientific
Collection (NBISC)

Spaceflight  Ground Analogs

~35,000 Non-Human Biospecimens*
- Spaceflight and Ground Analog @
- Mouse, Rat, Quail, Microbial isolates (expected) :3’
- Searchable catalog (LSDA Website) <
- Requests via LSDA Biospecimen Request form

~50,000 Space Radiation Mouse Biospecimens 4
- Space Radiation Ground Analog
- Newly submitted, will be available soon

Resulted in: |=
- 33 publications since 2011

- 53 tissue requests since 2016
- 62 GenelLab data sets

Sharing

Fills spaceflight knowledge gaps o
Increases scientific return

Publications for early career Pls @
Broadens our scientific community

International collaboration =

*Specimens mostly from Shuttle and ISS missions. Also
stored are specimens from ground analog studies including
centrifuge, hind-limb unloaded and partial weight bearing.

https://www.nasa.gov/ames/research/space-biosciences/nbisc




Collects, curate, and distributes efs1e I Experiments
data from NASA funded
non-human life sciences

investigations

1975 to 2022
Pubications

Data Collections:

356 Datasets

Mission _
Bavioad - Associated data
ayloa ‘
Operations :
Vehicle S stydies
soon
Hardware
Experiments
Personnel 157TB ol
Subjects 300 cf
Biospecimens Pl Data: 1.3 TB

Mission Data: 2.7 TB
Images/Video: 11 TB
Established in 1994

Biological Data Repositories

396 Studies

Species

Datasets

STUDY TYPE Fruit ORGANISM
flies Fish

spaceflight
55%

>135
Volume

Genelab, an open science
multi-omics repository,
covering:

Transcriptomics
Metagenomics Epigenomics
Proteomics
Metabolomics

Studies comprise of data
from model organisms
including:

Microbes
Plants
Fruit flies
Rodents
Nematodes
Humans

Established in 2014



Biological Data Repository Lifecycle

Multi-project web-based submission portal to support
self-service metadata curation and data submission
Data within FAIR Guidelines. Workspace providing users file

Submission storage in S3 and sharing features.
and

Workspace

Open access data enables discovery N Data Open access and well curated data
of new hypotheses and new ideas hypotheses Repository & repositories including data from
for grant proposal. Data from those and grants Visualization various model organisms from
new research experiments are microbes to plants to humans
generated and deposited back into covering the full range of biological
the data repositories. G E N E L AB assay technologies. Interactive
visualization portal to enable

& ALS DA knowledge discovery.

Analytical
Enabling new publications and Tools

research through data reuse
and performing meta-analysis.

Toolshed of bioinformatics tools with
user-friendly interface for data
analysis at any level (students, citizen

scientists, Pls).
Collaborative &

Training

(AWG, GLAHS,
GL4V)

Over 600+ AWG members from around the

world, analyzing open science data. Successful
Genelab & ALSDA Systems Integration, public training programs developed for high school and
release Nov 2022 university students.



BPS Open-Source Science Initiatives -
Access
Increasing accessibility of data and knowledge

e Integrating biological data repositories to enable data accessibility,
Interoperability, and reusability. New centralized data systems coming
November 2022.

* Fostering community, collaboration, and exchanging of ideas through
Analysis Working Groups and User Communities.

* Incorporating BPS data to Open AWS Reqgistry to increase ease and
accessibility to data through open AWS S3 bucket.

» Adhering to the new SMD SPD-41 policy, BPS is developing a data and
Information policy to increase scientific research throughput and transparency
of government funded research.
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Integrated Data Systems - Submission

Single Submission Portal for GeneLab and ALSDA -

Research Data Submission Agreement User Interface -

RDSA form is used to define the data, assays and/or
tissues that will be transferred and timeframes for submittal.

Status

State Submitted

Actions
Title:

User Management

Effects of Weightlessness on the Embryonic Development and Aging of Drosophila
Download PDF

All fields with astenisks (*) are required.

Alias 1 short Name [P c724

GrantNumber  #* Set

Managing Nasa Center  Ames Research Center (ARC) = @
Proposal Source | #Set

Research Ares  Developmental biology = )

Sponsor Agency National And Space (NASA)

People:

Details Data Products Related Experiments/Studies Files Mission Experiment

Title From To Processed Imagery Data Collected By

Example 2022-10-20 2022-10-28 John Smith 2022-10-31

Save

Submission Time Frame

OSDR o Your RDSA () is now in the 'submitted" status. At this stage you can update the RDSA metadata and data files
Open Science If you are happy with your RDSA, you will be able to share the included read-only link with your reviewers andior journals. Take care to only share this link with frusted parties:
for Ufe In Space

RDSA-1

Easy to use web portal to enter and publish research data
(omics and phenotypic data).

OSDR

Open Sciemce
for L In Space

080-523

0SD ACCESSION NUMBER: 0SD-523

DATASET LINK: Genelab Data

DOL 10.80438/k95m-3145

@ Your study (0SD-523) is now in the "Submitted” status. At this stage you can update the study metadata and data files.

I you are happy with your study, you will be able to share the inciuded read-only link with your reviewers andior journals. Take care to only share this link with trusted parties:

5-m35TdHemL ISASIVERNLHGNUUATLY — Generate New Link

hitp:lig 1 arc nasa ISD-57

Consider this link as temporary, it will expire after the study goes public. When generating a new link, the previous link will become unusable.

After entering all the metadata, click on Status/Submitied on left top of study view and change status to 'In Curation’.

Enter Title Here

Enter Description Here

PUBLICATIONS

The studv does not contain anv publicaion information
Descripion  Samples  Assays  Prolocols  Files  Related Studies  Study Validations

Heis @) @t comapse ai
Descript s:
xiption amples —
Study Design Descriptor
Assays - a_GLDS-472_bone-mi ucture_mic ited _met20 scanco medical ag.txt

Image Scan Acquisition
Faclors

Protocnl Tpe
Image Scan Acquisition

Description

Please update this protocol description

Parameters
Scanner  Volume Of Interest Location  Volume Of Interest Size  Scan Medium  Contrast Stain Applied

Kilovolt Peak  Integration Time Exposure  Frame Averaging

Attached o

8 GLDS-472 | X P /_mot2D scanco medical ag.txt

+ A Pusacason

+ Add New Pretacol

£ v pratecel

Xeray Intensity  Voxel Size




Integrated Data Systems - Search

General Search Filters

Data Source

GenelLab
ALSDA

W
[] EBI PRIDE
[J ANL MG-RAST

Data Type

Study

] Experiment
Subject

[[] Biospecimen
Payload

[] Mission

[[] Hardware

[] vehicle

Study Search Filters

Open Science Data Repository Search
Search Datasets

-7 X Q

Opan Scence

OSDR

for Life in Space

Rodent Research 7

Type
Payload
RR-7 spaceFlight

Highlights: RR-7... Rodent Research 7... The Rodd
community... cgene alsda

Transcriptional analysis of dorsal skin frs

% ‘Organisms Factors Assay 1]

Spaceflight
0SD-254 Mus musculus. Strain
Duration

transc|
profilin

Highlights: RR-7... Transcriptional analysis of dors|
of the Rodent Research-7 mission (RR-7) was to st

=]
o
«
|
i

o B

E o

Experiments
Payloads
Missions
Protocols
Samples
Assays
Publications
Files

Version History

Visualization [}

Mouse

3
& Scientific Name

803

Mus musculus

Highlights: Day 30: 3, 11, 19, 27, 35 Day 90: 7, 15,
7, the ground controls were rerun Mar 28 - June 3,

—_— - Submitted Date:

OSDR 0osD 208. Version 7 . o . . . . e
Comparative gene expression analysis in the Arabidopsis thaliana root apex using RNA-seq and Initial Release Date:

wuewse_ | microarray transcriptome profiles Fonz08

R Study | <

Genelab ID: GLDS-208
DOI: 10.26030/560z-gz62
Source Accession: GSE1155565

Cite this Study

©® Description

Description

The root apex is an important section of the plant root, involved in environmental sensing and cellular development. Analyzing the gene profile of root apex in diverse environments is important and challenging,
especially when the samples are limiting and precious, such as in spaceflight. The feasibility of using tiny root sections for transcriptome analysis was examined in this study. To understand the gene expression
profiles of the root apex, Arabidopsis thaliana Col-0 roots were sectioned into Zone-1 (0.5 mm, root cap and meristematic zone) and Zone-Il (1.5 mm, transition, elongation and growth terminating zone). Gene
expression was analyzed using microarray and RNA seq. Both the techniques, arrays and RNA-Seq identified 4180 common genes as differentially expressed (with > two-fold changes) between the zones. In
addition, 771 unigue genes and 19 novel TARs were identified by RNA-Seq as differentially expressed which were not detected in the arrays. Single root tip zones can be used for full transcriptome analysis; further,
the root apex zones are functionally very distinct from each other. RNA-Seq provided novel information about the transcripts compared to the arrays. These data will help optimize transcriptome techniques for
dealing with small, rare samples.

Factoris)

Factor Ontology: Concept

Root Zone root

Organism(s)

Assay(s)

Measurement Technology Device Platform

transcription profiling RNA Sequencing (RNA-Seq) Tlumina

transeription profiling DNA microarray Affymetrix




Going beyond the data.. connecting the scientific community

In January 2018, we kicked-off the Analysis Working Groups (AWGSs) with over 200 scientists from multiple space
agencies, international institutions, and industry.

To date, we have 600+ scientists that meet monthly with each group to provide feedback, develop standards, and

analyze data.

ANIMAL

79 members

Facilitates the use of omics in
understanding basic mechanisms
by which animals and constituent
tissues and cells adapt to the
spaceflight environment.

PLANTS

66 members

Share and discuss the

latest developments in
AstroBotany — the discipline of
botany concerned with
interactions between plant
biology and space environment.

MULTI-OMICS

259 members

Interactions between the
different omics to provide a
better understanding of the
systemic response.

MICROBES

61 members

Focuses on analyzing microbial
datasets within GeneLab that
includes gene-expression,
proteomic, metabolomic and
environmental metagenomic
datasets.

ALSDA

110 members

Feedback on science data and metadata standards for
physiological, phenotypic, and behavioral datasets to be
reusable. Datasets span from raw to processed-results
data, and across tabular, bioimaging, and video formats.

Al/ML

56 members \

Focuses on developing data Al-readiness
guidelines, algorithm and automation development, 11_10
and developing ethical guidelines to increase trust
and explainability surrounding Al in space biology.




BPS data to Open AWS Registry — coming soon

Open access directly from the
cloud!

_ Registry of Open Data on AWS
» High value research data from Space

Biology and Physical Sciences Programs
NASA Space Act Agreement

« Simplify access to data by Pls and their
teams in academia Whlle Under anal SiS Amazon Web Services and the National Aeronautics and

] y ! Space Administration (NASA) have entered into a Space
through a pUbIlC S3 bucket Act Agreement to explore best practices around discovery,

access, and use of high-value NASA science datasets.

* Lower cost of duplication of data Storage Making analytics-optimized data stores available to the
. - science community will minimize the need for data wrangling and
Reduce download times for Iarge datasets preprocessing within the community, leading to a faster time to insight

 Enable analysis on AWS compute nodes and quicker innovation.
without any data downloads



.

)% New BPS Data Policy

To increase scientific research throughput and the transparency of government funded research,
NASA and the Science Mission Directorate (SMD) has issued new policies as described in the

Scientific Information Policy. EI;.F?;EI
To adhere to the new guidance, we recently released the BPS Science Data '-.i:_.,- I, i
T

Management Policy, which defines policies and provides guidelines for managing =
scientific data by its programs, projects, investigators, and repositories. [=]

Download Policy here!

Key highlights:

* The policy apply to from all BPS-funded activities including Research Data,
Operations Data, and Software.

» Research data shall become publicly available in BPS designated OSDR no later than the
publication of the investigation results.

» Research software developed using BPS funding and used in support of a scientific, peer-
reviewed publication shall be released as open-source software no later than the publication date.

» Operations data: BPS shall commit to full and open sharing of information produced by BPS
Mission Projects. This includes environmental data from flight and ground-control analogs, animal
husbandry data from flight and ground, and logs of flight operations activities.

EH Event: BPS Townhall, coming in mid-December 14



BPS Data Policy — For Researchers

Guidelines for BPS Funded Investigators:

Complete a Research Data Submission Agreement (RDSA).

Must have a Pl unique identifier, for example ORCID

Are urged to submit data throughout grant.

Submit all data to designated BPS Open Science Data Repository (OSDR)

All scientific data supporting any publication must be submitted to OSDR at time
of publication.

Any data not used to support publication must be submitted by end of period of
performance (grant). No-costs extension on grants may be requested.

. Funded research software to support published results must be reported and

released as open-source.

Investigators sponsored with BPS funding to attend science events open to the
public, including but not limited to conferences, workshops, and symposia shall
publish any public presentations through a designated NASA repository.

15



BPS Open-Source Science Initiatives - Knowledge

Training the next-generation of scientists

* GenelLab for High School (GL4HS) Is a summer training program providing
students an opportunity to immerse themselves in space life sciences with a
specific focus on omics-based bioinformatics research.

« GenelLab for Universities (GL4U) was able to conduct a bioinformatics
bootcamp for educators from 4 HBCUs and MSIs institutions. NASA scientific

compute resources will be available for each educator to train their students
through the 2022-2023 school year.

Enabling AI/ML Activities for BPS
* Creation of benchmark Space Biology datasets to train AlI/ML algorithms

» Adapting Al/ML tools from other disciplines for biological data



SMD Open Science
Opportunities



Leading the Path to Open-Source
Science

NASA’s Transform to Open Science (TOPS) is a $40 million* 5-
year NASA Science Mission Directorate mission

Goals:

*x Increase understanding & adoption of open science.

*x Accelerate major scientific discoveries.

» Broaden participation by historically underrepresented
communities.

Metrics:

x 20K earn Open Science
Badge

x5+ major discoveries

x Increase participation of
underrepresented groups
by 2x

Year of Open Science

18



TORPS: TRANSFORM TO OPEN SCIENCE

New Funding Opportunity!

F.14 Transform to OPen Science Training (TOPST) solicits
proposals to advance open science literacy. This element will
support three types of activities:

1. development of ScienceCore materials, discipline specific
curricula modules around NASA Science Mission
Directorate (SMD) divisions,

2. Implementation of Summer Schools for SMD science

teams, and
3. Virtual Cohorts participating in OpenCore curricula

training.
Dec 8, 2022 — Proposal Due

Apply Today!
L=z 30t

i
i 1'
-|'- 4



https://go.nasa.gov/3xgUorP

THANK YOU!

Open Science Projects are funded by the Biological and Physical
Sciences Division.

Y2
Genelab

@9 https://www.nasa.gov & https://www.nasa.gov/am @0 https://www.nasa.gov/ames - Twitter: @NASAGenelab
/PSI es/research/space- /research/space-
biosciences/nbisc biosciences/alsda

- l.-'~. 'R
.
cal SCienges Informatics Sy

@) https://genelab.nasa.gov




